Background
Additional cytogenetic aberrations are associated with disease progression in chronic myeloid leukemia (CML). This study was conducted to determine the type and frequency of these aberrations and their relationship with hematologic and molecular findings in the Middle East.
Methods
In this retrospective study, 134 well-established cases of CML were selected from 2010 to 2016. Their hematologic phase and type of fusion gene were determined. Finally, their karyotypes were analyzed and reported according to ISCN 2013.
Results
Patients had a mean age of 44 years. Twenty-two patients (16.4%) showed additional cytogenetic aberrations. Nine patients (6.7%) harbored a variant Philadelphia chromosome, and most were in the chronic phase. Seventeen patients (12.7%) had major and minor route abnormalities. There was a significant relationship between additional cytogenetic aberrations and major molecular response (P=0.032). Patient survival in the group with additional cytogenetic aberrations was significantly lower (49.7±11.1 mo) than that in the group without additional cytogenetic aberrations (77.3±3.1 mo) (P=0.031).
Conclusion
This study revealed the same frequency of additional cytogenetic aberrations in CML as found in previous studies. Additional chromosomal aberrations led to shorter survival and lower rates of achievement of a major molecular response.
INTRODUCTION
Chronic myeloid leukemia (CML) is a myeloid neoplasm characterized by a fusion gene, BCR-ABL, which leads to uncontrolled proliferation of cells of the myeloid series in all stages of differentiation [1] . The fusion gene is the result of a reciprocal translocation t (9;22) (q34;q11), known as the Philadelphia chromosome [2] . Although the Philadelphia chromosome is considered as a pioneer event in leukemogenesis, acquisition of additional cytogenetic aberrations may play a role in disease progression [3] .
Recent studies showed that additional cytogenetic aberrations (ACA) result in CML progression from the chronic phase (CP) to the accelerated phase (AP) and blast crisis (BC) [1, 4, 5] . The most prevalent abnormalities in advanced stages of CML are trisomy 8, second Philadelphia chromosome, and isochromosome (17) (q10), which are major route abnormalities. All other ACAs are considered as minor route abnormalities [6, 7] .
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MATERIALS AND METHODS
In this retrospective study, 134 patients diagnosed with CML were selected in a referral center in Shiraz (a Southern Iran Province) from 2010 to 2016 and their demographic data along with their hematologic and molecular (type of fusion gene detected by reverse transcription-polymerase chain reaction) findings were obtained from the medical records.
For cytogenetic evaluation, conventional synchronized culture was performed for 48 hours. Next, the samples were harvested and fixed by the addition of colcemid, hypotonic solution, and Carnoy's fixative. Finally, the slides were prepared by Giemsa staining. At least 15 fields were analyzed according to the International System for Human Cytogenetic Nomenclature 2013. Clonality was inferred when cells showed the same abnormal chromosomal abnormality. ACA was defined as the presence of any structural and numerical chromosomal abnormality other than t(9;22)(q34;q11) (detected by cytogenetic or molecular assays for cryptic abnormalities). A variant Philadelphia chromosome was defined as the presence of any translocation involving one or more chromosomes in addition to chromosomes 9 and 22.
Serial follow-up was performed by molecular assays and a major molecular response was defined according to European Leukemia Net. Achievement of 10%, 1%, and 0.1% on the BCR-ABL international scale during months 3, 6, and 12 after treatment initiation was considered as a major molecular response (MMR).
RESULTS
In this study, the mean age of patients was 44 years, ranging from 4 to 90 years and there were more males than females (male:female ratio of 1.8:1). A total of 109 of 134 patients were in the chronic phase (81.3%). The remaining 34 patients were in an accelerated phase (8.2%) and blast crisis (10.4%). Reverse transcription polymerase chain reaction was conducted for 89 patients (66.4%) and revealed 210 kDBCR-ABL fusions in 82 patients (61.2%) and 190 kDBCR-ABL fusions in 2 patients (1.5%). One patient (0.7%) showed both fusion genes, and 4 patients (3%) were negative for either of the 210 and 190 kD fusion genes. The remaining patients were undetermined for the types of fusion genes (33.6%).
Twenty-two of 134 patients (16.4%) showed additional cytogenetic aberrations (Table 1) . Nine patients (6.7%) had a variant Philadelphia chromosome translocation, which showed clustering to chromosome bands 2q35, 11p15 12q24, 13q21, 15q25, 17q21, 17q23, 17q11, and 22p13. Two of these 9 patients with a variant Philadelphia chromosome also had other chromosomal aberrations. Four and 13 patients among these 22 had major (3%) and minor (9.7%) route abnormal- ities, respectively. Four patients (2.9%) were negative for the Philadelphia chromosome based on cytogenetic analysis. One patient showed myelodysplastic syndrome in follow-up and progressed to acute myeloid leukemia. Balanced translocations were observed in 2 patients (1.5%).
There was a significant relationship between the variant Philadelphia chromosome and disease phase (P =0.038). Six patients (66.7%) with a Philadelphia variant chromosome were in the chronic phase. Only one patient (11.1%) with a Philadelphia variant chromosome as the sole chromosomal abnormality was in the accelerated phase. The other two patients (22.2%) with a variant Philadelphia chromosome who were in the accelerated phase had other additional cytogenetic aberrations. None were in the blast crisis. There was also a significant relationship between patient age and the presence of ACAs (P=0.016). The mean age of the patients with these aberrations was 52.3±17.3 years, which was approximately 10 years greater than the mean age of the patients without these aberrations (42.1±17.5). The relationship between disease phase and the presence of ACAs was significant (P＜0.001). In CP, 10% of patients had ACAs, but this value was significantly higher in AP and BC, reaching 45.5% and 42.9%, respectively.
There was a significant relationship between ACA and MMR (P=0.032). Serial follow-up by molecular methods revealed that 72.5% of patients without ACA achieved MMR, but only 36% of subjects with ACA achieved an MMR. Survival analysis of 76 patients revealed that the survival of patients with ACA was significantly lower (49.7±11.1 mo) than the survival of those without ACA (77.3±3.1 mo) (P =0.031) (Fig. 1) .
DISCUSSION
In this study, the patients had a mean age of 44 years, which is lower than the previously reported mean age of 65 years. As expected, more of the patients were male [8] . The overall frequency of ACAs was 16.4%, which was similar to the previously reported incidence [9, 10] .
A total of 6.7% of patients had a variant Philadelphia chromosome; the previously reported rate is 5-10% [11, 12] . Rearrangements involved chromosomes 2, 12, 13, 17, and 22. Chromosome 17 showed the greatest involvement. This chromosome was translocated recurrently to form the variant Philadelphia chromosome according to previous studies [7] . The impact of the variant Philadelphia chromosome on disease progression is controversial [13] . Some authors consider this chromosome as an indicator of poor prognosis, particularly before imatinib was used for treatment [11] . However, more recent studies revealed that patients with a variant Philadelphia chromosome had the same prognosis as those with a standard Philadelphia chromosome [14] .
Major and minor route cytogenetic abnormalities were observed in 3% and 9.7% of patients, respectively, and were more common in advanced stages of CML. These findings support the pivotal role of these abnormalities in disease progression. Among major route abnormalities, trisomy 8 was the most common, followed by trisomy 19 and isochromosome (17)(q10), as previously reported. We did not detect an extra Philadelphia chromosome, +der(22)t(9;22) (q34;q11), a well-known major route abnormality. This abnormality was not detected in the GIMEMA Study of 559 patients with CML in Italy [15] . Minor route abnormalities were more common than major route aberrations and mainly included structural abnormalities and balanced translocation. In a recent study, the Randomized German CML Study IV, minor route abnormalities were more prevalent than major route abnormalities [6] .
Interestingly, no patient with loss of chromosome Y was identified in this study as having a minor route abnormality. This finding indicates that loss of the Y chromosome is a consequence of aging and that the absence of this abnormality may be because of the lower mean age of the subjects. While some studies have demonstrated the significance of Y chromosome loss in CML [15] , other studies found no relationship between this abnormality and disease, even after treatment and complete remission of Philadelphia-positive clones [6] .
One limitation of this study was that follow-up could not be conducted because of a lack of access to the patients and the lack of an integrated system for patient registration.
The overall frequency of additional cytogenetic aberrations was similar that describe previously. Minor route abnormalities were more common than major route abnormalities and both were prevalent in advanced stages of disease, suggesting that their presence indicates disease progression. ACA resulted in poorer survival and less MMR.
